Excretion rates of adrenaline and noradrenaline, performance in an audiovisual conflict test, and subjective reactions to the test as well as habitual response patterns were examined in 25 subjects. Subjects with high excretion rates of both hormones performed better during the entire stress session than did subjects with low excretion rates, the trend being particularly pronounced in respect to noradrenaline excretion. Subjects with high or with low excretion rates of both hormones had different time patterns of emotional involvement; high excretion rates were associated with a decrease and low excretion rates with an increase in the intensity of the reactions as the session progressed.
secretion is a basic arousal reaction and its urinary excretion is a sensitive index of the intensity of the reaction. Noradrenaline secretion, however, appears to be related to arousal in a more complex fashion and, so far, the psychological significance of this hormone is not clearly understood.
Much of the earlier work in this area * was centered around the hypothesis introduced by Funkenstein, 15 according to which adrenaline secretion would be associated with anxious reactions and noradrenaline secretion with aggressive reactions. The results obtained by Frankenhaeuser et al. have, on the whole, not tended to support this hypothesis. Instead, the results point to significant relationships between catecholamine levels and cogni-
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tive functioning during psychological stress.
In the present investigation relations between catecholamine excretion and psychological stress reactions were examined further, interest being directed particularly to relationships between hormone-excretion rates and ability to perform an audiovisual conflict task demanding a high degree of selective attention. In addition, attempts were made to relate levels of hormone excretion to levels of aspiration, estimated performance, and emotional involvement, as well as to habitual response patterns with regard to achievement motivation, anxiety, and aggression.
Method

Subjects and General Design
The subjects were 25 male students, aged 19 to 34 years (mean, 24) , attending a voluntary boarding school of a type known as "Swedish Peoples' High School" (folkhogskola).
Each subject came to two sessions on successive days, first an inactivity period and then a stress period. In addition, personality questionnaires were given on the first day, and personality ratings were carried out by the headmaster.
Collection of Urine Samples
Care was taken to keep conditions reasonably constant during the periods in which urine was collected for the catecholamine analyses. Both inactivity and stress periods took place in the morning after a light breakfast. The subjects had been informed nr advance about the kind of conditions which might affect their catecholamine excretion and had to be avoided prior to the sessions (physical and mental work, smoking, intake of drugs, coffee, bananas, etc.).
The inactivity period began at 8 A.M. and lasted about 70 min. For the stress period the subjects were divided into three groups of 8-10 subjects each; the sessions began at 8 A.M., 9:30 A.M., and 11 A.M. and lasted about 90 min. each. Before each session the subject emptied his bladder and drank 150 ml. of water, and after the session a urine sample was collected by voluntary voiding. The urine volume was measured and pH adjusted to about 3 with IN HC1. The samples were stored at -18" C. until analysis, which was performed by the fluorimetric technique of Euler and Lishajko. 6 
Inactivity and Stress Periods
The inactivity period served to provide baseline values for the catecholamine excretion and was spent by the subjects viewing natural-scenery films. In the stress period the subjects were given five trials, each of 4 min. duration, of an audiovisual conflict test (see below). In the 6-min. intervals between trials the subjects gave self-estimates of their levels of performance and aspiration as well as of their emotional reactions to the situation.
The Audiovisual Conflict Test
Objective performance data were obtained in the audiovisual conflict test, which also served as a stressor. The test was modelled on the color-word test introduced by Stroop 25 and used by several investigators in various modified forms. In essence, the test consists of color-words which are printed in different colors, the combination of words and colors being incongruent; for example, the word "green" may be colored red, etc. The subject's task is to ignore the word and name the color of the print.
In the present version of the test, 2 modified to suit a group situation, additional complications were introduced by simultaneous auditory presentation of conflicting color words, which also had to be ignored. The words were "orange," "cobalt," "turquoise," and "carmine." The visual stimuli were projected on a screen and the auditory stimuli were presented via a loudspeaker; the two types of signals were synchronized. The combination of color words presented through the two senses was random. The duration of the visually presented words varied randomly between 0.40 and 1.00 sec. and the interval between successive words varied from 0.80 to 1.70 sec. Each stimulus PSYCHOSOMATIC MEDICINE FRANKENHAEUSER £T AL.
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was preceded by a short preparatory click and succeeded by an announcement of its serial number.
There were two parallel versions of the test, each comprising 126 stimuli spread over 4 min. These were presented in random order in six successive trials separated by 6-min. pauses. All stimuli (as well as instructions and items for practice) were presented automatically with the aid of a 16-mm. film projector with magnetic sound.
The subject responded to the stimuli by marking the correct word on a response sheet that contained successively numbered rows, each listing the four color words in random order.
The score was the percentage of correct responses out of the total number of possible responses.
Magnitude Estimates
Self-estimates of levels of aspiration, performance, and emotional involvement were obtained by the method of magnitude estimation (see Frankenhaeuser and Post 13 for the application of scaling methods to the measurement of these and similar variables). Five sets of estimates were obtained during the stress period, each immediately after a trial (in the case of aspiration level the estimates were given before the trial). For the first set of estimates, given after the second trial, the standard state of comparison was defined as the subjective state, in terms of each variable, during the first trial. For each of the following sets of estimates the standard was changed so that the subjective state at the time when the previous estimates were made, served as the standard. Thus, the subject estimated changes in his subjective reactions from one trial to the next, always using his state at the previous trial as his standard of comparison. The standard states were always denoted as 20. Before giving his estimate the subject stated if he felt more or less of a given variable, after which he assigned a number to it. If, for example, he felt that he had performed twice as well as during the previous trial, he would report "40"; if he felt that he had performed three times as well he would report "60"; if, on the other hand, he thought that he had performed only half as well, his estimate would be "10," etc. All estimates VOL. XXX. NO. I, 1968 were then transformed and expressed in relation to the first trial.
Estimates of Aspiration and Performance
Before each trial (except the first one) the subject stated how well he hoped to perform at the next trial, using the preceding trial, denoted as 20, as his standard of comparison. This gave a measure of his level of aspiration. At the end of each trial he gave an estimate of his performance in relation to the previous trial.
Estimates of Emotional Involvement
At the end of each trial the subject estimated the degree of "stress" and "irritation" experienced. The definition of "stress" emphasized feeling generally disturbed, threatened, and pressed for time. "Irritation" was defined in terms of aggressive feelings directed towards one or several aspects of the experimental situation. (Estimates of "anxiety" and "somatic symptoms" added but little information and will not be considered. )
Questionnaire Ratings
Three questionnaires were used to obtain assessments of some habitual reaction patterns in addition to the situational responses measured by the method of magnitude estimation.
Achievement Motivation
Ambitions, motives, and working habits associated with the subject's school situation were explored by 20 questions constructed by Mellis 20 for use in the present investigation.
Aggression
Tendencies to respond with either verbal or physical aggression were explored by 43 questions selected from the questionnaire constructed by Buss. 
Anxiety
General anxiety-proneness was examined by a modified Swedish version of Taylor's Manifest Anxiety Scale.
Headmaster's Ratings
Further information about the subject's achievement motivation and anxiety-proneness was obtained by ratings performed by the headmaster of the school using a graphic rating scale. The definition of variables was the same as in the questionnaires. First, a rank order was established for the subjects in terms of each of the variables. Then the position of each subject was marked on a roll of paper, starting with the subject showing the highest degree of achievement motivation and anxiety, respectively, and proceeding with the second in turn, etc. The distances between successively listed subjects provided estimates of the degree to which they differed from each other. The position of the last-listed subject (i.e., the lowest scale value) was taken as an arbitrary zero-point, and the score of each subject was the distance from this point to the point showing his own position on the scale.
Results
The results of the catecholamine analyses will be presented first, including correlations between the catecholamine data as well as correlations between the amines and performance in the audiovisual test. Then subjects with high and low excretion rates of adrenaline and noradrenaline, during inactivity and stress, respectively, are compared with regard to reactions to the stress situation and to habitual response patterns. Finally, interrelations between some of the variables are examined separately for groups with high and with low noradrenaline and adrenaline excretion.
Catecholamine Excretion and Performance' Table 1 shows means and standard errors for noradrenaline and adrenaline excretion as well as urine volume and time of urine collection during inactivity and stress periods. Differences between the two conditions were analyzed by application of the t-test to mean intrapair differences between inactivity and stress values. Adrenaline excretion increased significantly during stress (t = 3.78; P < 0.001), whereas the rise in noradrenaline excretion was negligible. Neither was there any marked difference in urine volume between the two conditions. The general trend of these data is typical of experiments with psychological stress, although the excretion rates during both conditions were somewhat lower than usual, 12 in particular that of adrenaline. Table 2 shows product-moment coefficients of correlation between the two eatecholamines under stress and inactivity conditions, as well as correlations between eatecholamines and performance scores. It is seen that there were significant positive correlations between inactivity and stress values for both amines, the correlations being higher for adrenaline. Furthermore, the correlations between the two eatecholamines were relatively high, not only within the same condition, but also between conditions.
It is of particular interest to note that there were high positive correlations between the amount of noradrenaline excreted, both during stress and inactivity, and the percentage of correct responses in the audiovisual conflict test.
High vs. Low Hormone-Excretion Groups
On the basis of their excretion rates (above and below median values) during inactivity and stress the subjects were divided into the following groups: high versus low noradrenaline excretion during inactivity and during stress, and high versus low adrenaline excretion during inactivity and during stress. In each of these four pairs of high versus low excretion groups comparisons were made between mean scores of all variables. The main trends of the data are shown in Fig. 1-3 .*
Noradrenaline Excretion and Psychological Reactions
Time-response curves based on mean data from subjects with high vs. low noradrenaline excretion during inactivity and stress, respectively, are shown in Fig. 1 . There were marked differences between the high-and low-excretion groups, both in objective performance and in most subjective variables. It should be noted that, although the trends were the same for comparisons based on inactivity and stress values of excretion, the differences were in some instances more consistent and more pronounced between groups formed on the basis of inactivity level. The main trends may be summarized as follows: (1) subjects with high noradrenaline excretion performed better throughout the experimental period than subjects with low excretion; (2) high-excretion subjects increased their estimates of subjective performance and aspiration as the experiment progressed, whereas low-excretion subjects showed a tendency in the opposite direction; (3) high excretion subjects showed a slight decrease in estimates of stress and irritation, whereas low-excretion subjects showed a pronounced increase as the session progressed. The application of f-tests to differences between mean scores for all five trials showed that the groups formed on the basis of inactivity levels of excretion differed significantly in subjective performance (P < 0.01), and that groups formed on the basis of stress levels differed significantly in their estimates of irritation (P < 0.01).
The data on achievement motivation, anxiety, and aggression in everyday life, obtained by the subject's own answers to questionnaires and by the headmaster's ratings, showed that the differences between the high-excretion and low-excretion groups were rather small; none of them reached a statistically significant level. However, the trend of the data may be interpreted as indicating that subjects with high excretion rates of noradrenaline tended to be less anxietyprone. 
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Adrenaline Excretion and Psychological Reactions
Time-response curves for mean data from subjects with high and low adrenaline excretion during inactivity and stress, respectively, are shown in Fig. 2 . The groups formed on the basis of inactivity values of adrenaline differed in most variables, whereas the comparisons based on stress values of the hormone showed, on the whole, fewer differences. The main trends may be summarized as follows: (1) subjects with high levels of adrenaline excretion performed better than low-excretion subjects; (2) highexcretion subjects increased their estimates of performance and aspiration as the experiment progressed more than did low-excretion subjects; (3) high-excretion subjects tended to feel somewhat less stressed and irritated as the session progressed, whereas low-excretion subjects showed a pronounced increase in stress and irritation. The application of f-tests to differences between means of the five trials gave significant values for estimates of performance, aspiration and irritation (P < 0.01).
The data on achievement motivation, anxiety, and aggression in everyday life, based on the subjects' own questionnaire responses and the headmaster's ratings, showed some significant differences between the groups. The results may be interpreted as indicating that subjects excreting much adrenaline were relatively less anxious and also less aggressive than were subjects excreting little adrenaline.
Hormone Increase vs. Decrease During Stress
The typical catecholamine responses in subjects exposed to stress is an increase in excretion level above inactivity values. However, among the 25 subjects in the present experiments, 10 excreted less noradrenaline during stress than during inactivity. Possible differences in VOL. XXX, NO. I, 1968 psychological characteristics between "increasers" and "decreasers" were examined by comparing the mean scores of these two groups in all variables. The group which had a lower excretion rate during stress was significantly less anxietyprone, according to questionnaire data (P < 0.05); the headmaster's ratings of anxiety showed a difference in the same direction, but this did not reach a significant level. No other reliable differences were demonstrated.
Only 4 subjects excreted less adrenaline during stress than during inactivity and, in these cases, the differences in excretion rates were only slight. The "decreasers" showed no marked characteristics in psychological variables.
Relations Between Variables
In view of the pronounced differences in both cognitive and emotional functions between high and low hormoneexcretion groups, it was of interest to examine relations between variables separately for the contrasting groups. In particular, it seemed interesting to study objective performance as a function of emotional involvement. Figure 3 shows performance scores plotted against estimates of stress in high and in low excretion groups (inactivity levels) of noradrenaline and adrenaline. The trends were the same for both hormones: the less stressed the high-excretion subjects felt, the better they performed, whereas the low-excretion subjects performed better at higher levels of subjective stress. Relations between performance and estimates of irritation followed similar patterns. Furthermore, the general trend was the same when subjective performance was plotted against estimates of stress and irritation. These interesting relationships are, no doubt, associated with complex interactions between factors such as initial level of emotional involvement, ability to cope with the situation, and evaluation of one's own ability. Time-response curves based on mean data for 12 subjects with high (above median value) and 13 subjects with low (below median value) excretion rates of adrenaline (A). A and B, objective performance; C and D, subjective performance (circles) and aspiration (squares); E and F, estimates of stress (circles) and irritation (squares). Comparisons are based on excretions during both inactivity (left side) and stress (right side).
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Discussion and Conclusions
Inactivity Versus Stress
In the present investigation excretion rates for noradrenaline and adrenaline were measured during both an inactivity period and a stress period, and comparisons between high-and low-excretion subjects were carried out separately for groups formed on the basis of inactivity and stress values of excretion. It should be noted that the measurements of hormone excretion during stress referred to the same time period as did the measurements of psychological stress reactions, whereas the inactivity values were obtained on a separate occasion, the previous day. Under these circumstances one would expect psychological reactions to be more closely related to the stress values than to the inactivity values for hormone excretion. However, the results showed ( Fig. 1 and 2 ) that subjects who differed in their hormone output during inactivity, tended to differ also in their psychological reactions during stress, and that in fact, the differences in psychological reactions were, on the whole, more pronounced between groups formed on the basis of inactivity levels of hormones. This trend was particularly strong in respect of adrenaline excretion (Fig. 2) . Thus, the results suggest the interesting possibility of predicting stress reactions on the basis of inactivity levels of catecholamine excretion.
The inactivity period was spent by the subjects viewing natural-scenery films, and it is important to note that this kind of experience has been shown to be associated with very low catecholamineexcretion levels. 16 On the other hand, the inactivity period, as arranged in the present investigation, is likely to have involved a certain degree of anticipation of the experiment to follow on the next day; furthermore, the situation was a novel experience to the subjects. Both these circumstances might be expected to increase the catecholamine levels above baseline values and hence reduce the differences between inactivity and stress values. However, the relatively low inactivity values indicate that these factors did not have a pronounced effect.
The possible influence on our results of diurnal variations in catecholamine release should also be considered, al- though in view of the data presented by Levi IT no marked difference in the excretion rate of either hormone was expected to occur over the time during which the stress samples were collected. This assumption was supported by a statistical analysis of the data, which showed that there were no significant differences in catecholamine excretion between groups of subjects tested at different times between 8 A.M. and 12:30 P.M.
Selective Attention
In an earlier investigation by Frankenhaeuser and Patkai, 11 a positive correlation was found between the amount of noradrenaline excreted and the level of performance in concentration tasks carried out under distracting external conditions. On the basis of these results Patkai 21 hypothesized a relationship between noradrenaline excretion and ability to focus attention upon relevant stimuli in a complex situation, this ability probably being mediated by the diffuse thalamic projection system (DTPS). Patkai based her hypothesis on the experimental findings discussed by Lindsley, 18 which indicate that different kind of arousal functions are mediated by different parts of the reticular system of the brain, the ascending reticular activating systems (ARAS) being associated with a state of general arousal and DTPS with specific mechanisms of selective attention.
The present experimental situation provided a good opportunity to examine Patkai's hypothesis further, since in the audiovisual conflict test the subject was bombarded by several simultaneous and conflicting stimuli; efficient performance required a sustained effort and the ability to ignore the irrelevant stimuli and to attend to specific aspects of the complex environment. The results obtained were in agreement with the assumption that the excretion of catecholamines is associated with performance in selective-attention tasks, but there was no clear indication of a differential significance of the two hormones with regard to performance. Although the evidence for a relation between noradrenaline excretion and performance was more clear-cut (Table 2 , Fig. 1 A and B) , the same tendency was seen in respect of adrenaline excretion (Fig. 2 A and B) . In view of the fact that the amount of adrenaline excreted is known to be closely related to the degree of unpleasantness experienced, 7 it appears likely that the severity of the stress situation is one of the factors determining the role played by adrenaline output relative to noradrenaline output. Further experiments will be carried out with a view to systematically studying the influence of different aspects of the stress situation, such as intensity and duration of the stimuli, on the relative amounts excreted of the two amines.
Direction and Intensity of Subjective Reactions
The present data showed that the high-and low-excretion subjects tended to change their subjective estimates in opposite directions as the session progressed ( Fig. 1 and 2, C-F) . When evaluating these data it should be kept in mind that, according to the method of estimation used, each subject defined for himself the standard states of stress and irritation denoted by "20." Different subjects may, of course, have meant different things by the defined psychological states. A variation in this respect would affect the arbitrary unit of measurement and, hence, the relative levels of the curves, while the general trends showing increases and decreases in reaction during the session, would not be influenced by such variations between subjects. Consequently, the present data do not permit any conclusions concerning possible differences between highand low-excretion subjects with regard to the relative intensity of their reactions, but only with regard to the direc-PSYCHOSOMATIC MEDICINE tion of progressive changes within the experimental session. Some indirect information concerning the intensity of the reactions in the two groups may be obtained from the questionnaire data, which reflect the habitual reaction patterns of the subjects. These data showed that the low-excretion subjects had higher scores in anxiety, a finding which lends some support to the view that these subjects experienced a higher degree of emotional involvement during the experimental session.
When evaluating the differences between our groups in emotional involvement, it should be kept in mind that feelings such as stress and irritation are likely to be associated with ability to cope with the situation, in this case performance in the perceptual-conflict test. It seems reasonable that poor performance would give rise to an increase of negative feelings, whereas good performance would tend to reduce such feelings. In other words, it is possible that the affective reactions were merely reflections of the performance level. It is, however, also possible that the level of performance was influenced by the ability to control the emotional reactions. Hence, it is important to realize that all reactions occurring in the experimental situation are likely to be interrelated, and that we know nothing of their possible causal relations.
